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Mini-Abstract
It remains unclear as to whether ‘asymptomatic patients’ with heterotaxy should undergo screening for intestinal rotational abnormalities and whether their detection warrants surgical correction. This systematic review shows that the risk of malrotation with obstruction / volvulus in ‘asymptomatic patients’ is low, demonstrating that the evidence for screening appears weak.

Abstract
Objective: 1. Is screening of intestinal rotational anatomy obligatory in ‘asymptomatic‘ patients with heterotaxy? 2. Does detection of an anomaly warrant surgical correction?
Summary / Background: Heterotaxy is an abnormal arrangement of thoraco-abdominal viscera across a left-to-right axis. Intestinal rotational anomalies are frequent amongst patients with heterotaxy but debate exists as to whether they are benign in nature, requiring careful observation alone, or if surgical correction is warranted to prevent obstruction or midgut volvulus.
Methods: A systematic review [according to PRISMA guidelines] was conducted using CINAHL, EMBASE, Medline and Cochrane Databases. Article quality was assessed using MINORS criteria. Conference proceedings and unpublished data were screened additionally.
Results: 19 studies met the eligibility criteria but reporting was adequate for 9. All were observational studies. These included a total of 414 patients managed expectantly i.e. ‘asymptomatic patients’ in whom no intestinal rotation screening was undertaken (group A), 191 cases in whom screening was performed routinely (group B), and 92 patients considered ‘symptomatic’ of potential rotational anomalies and therefore underwent imaging or laparotomy (group C). In group A, 1 patient developed symptoms attributable to malrotation in whom laparotomy confirmed the diagnosis (0.24%). Amongst groups B and C, 151 had Ladd’s operations (53%) and 14 cases of malrotation with obstruction or volvulus were described (4.9%), of which 2 ‘symptomatic patients’ died before laparotomy. Overall surgical complication rate was 17% with 30-day mortality rate of 2.6 - 4.6%.
Conclusion: The evidence base for screening ‘asymptomatic’ patients is weak especially considering the life-limiting co-morbidities.

INTRODUCTION
Derived from the Greek words heteros- and taxis- meaning ‘other arrangement’, heterotaxy is defined as an abnormal arrangement of thoraco-abdominal viscera across a left-to-right axis in contrast to normal patterning of ‘situs solitus’. Traditionally, a mirror-image pattern of arrangement was included in the definition, but this so-called ‘situs inversus’ is now considered separately1. Structural abnormalities of the heart, spleen, liver and bowel are commonplace. It is the cardiac anomalies that frequently account for the lethality of heterotaxy, with mortality within the first year of life the norm for several decades2. Today, survival beyond five years is not unusual because of medical and surgical advancements3. Therefore management of the non-cardiac anomalies in such patients has become increasingly important.

Intestinal rotational abnormalities (IRA) may be identified amongst 33% to 89% of patients with heterotaxy 4,5 and consequently may (or may not) carry a risk of midgut volvulus. The magnitude of this risk remains unknown. Clinicians uniformly agree that ‘symptomatic patients’ with foregut obstructive symptoms must undergo immediate corrective surgery by Ladd’s procedure but the role of investigations and surgery for ‘asymptomatic patients’ remains a matter of great debate. Ladd’s procedure(s) are by no means ‘risk-free’, particularly considering the frailty of heterotaxy patients. Adhesive small bowel obstruction, for example, can occur in almost a quarter of all patients6-8. The majority of published studies advocate screening for IRA in the ‘asymptomatic patient’ with heterotaxy and subsequent surgical correction where anomalies are identified4,5,9-11. A recent North American survey of institutional practice, found that 84% of clinicians believed that IRA screening should be undertaken in the newborn period with 52% stating all patients with ‘asymptomatic malrotation’ should undergo Ladd’s procedures12. Several groups have however advocated a ‘watch and wait’ approach13-17.

In light of uncertainty and controversy - we undertook a systematic review of the available literature to determine -  (1) if screening of IRA is obligatory in ‘asymptomatic‘ patients with heterotaxy and (2) whether detection of a rotational anomaly warrant(s) surgical correction in such a fragile patient cohort. We hypothesized that the complication(s) associated with surgical correction outweighed the risk of midgut volvulus and its sequelae and that screening in ‘asymptomatic patients ‘ was unnecessary.

METHODS
The systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines18. A local review protocol was established. Two reviewers (PSC, SS)  performed the study selection, data extraction and quality assessment processes independently and all data was recorded in tabular form electronically. Disagreements were resolved by discussion or consultation with the third reviewer / senior corresponding author who conceived the study (PDL).

Study selection
A systematic search of the English language literature was conducted using a keyword algorithm (Supplemental Figure 1). The search was conducted using the indexed databases: CINAHL, EMBASE, Medline and Cochrane Databases, from inception to 11th January 2015 (the search was again updated on 18th June 2015). Additional articles were identified through the reference listings of those articles yielded through the initial electronic database search. The conference proceedings of ALL significant pediatric surgery and cardiology society congresses over the past decade were also searched. Finally, data regarding patients with heterotaxy from our own institution were also obtained. Eligibility criteria were then applied to remaining studies (Table 1).

Data extraction
The primary outcome evaluated was mortality associated with conservative or surgical management of IRA. Secondary outcomes included - development of malrotation with obstruction or midgut volvulus i.e. symptomatic IRA and complications thereof with surgical intervention.

Quality assessment
Quality of manuscripts was evaluated by using the Methodological Index for Non-randomized Studies (MINORS) criteria19, and in addition for all sources of data by a local checklist (including reporting of symptoms, imaging, surgeries, morbidity, mortality, etc.). Bias was assessed at study and summary levels.

RESULTS
673 citations were retrieved through the full literature search, of which there were 226 duplicates. 19 studies were included for systematic review.

Study characteristics
All studies were retrospective case series (meta-analysis was therefore not formally undertaken other than cumulative totals and percentages of data included). Three articles described comparative studies10,16,17 but no study matched heterotaxy patients screened for IRA with unscreened patients nor were any designed to compare those managed conservatively versus surgical operation. The search yielded no randomized trials, prospective cohort or case-control studies valid to the aims of this review. A single study included was a conference proceeding (the authors were personally contacted for further data and/or an unpublished manuscript, however, this was not available) and another study from our institution was not published at the time of the original review but is now ‘in press’ and available online20. Table 2 summaries the main characteristics of the 19 included studies.4,5,9-11,13-17,21-29 Only 9 studies clearly reported a management pathway for patients with regards symptomatology, imaging, surgery and morbidity, all of which were considered paramount for a detailed review (Table 3).9,10,13,14,16,22,25,29

The 19 studies included in the initial search results were retrospective observational studies reported between years 1966 - 2014. These studies reported on patients with heterotaxy managed within centres located in North America (14), Asia (2), Australasia (1), Europe (1) and also from an international patient registry (1). Excluding those patients within the registry data, the number of individual patients reported within studies found that the majority of patients were from centres in the USA (N=683), followed by Canada (N=177), UK (N=92) and South Korea (N=67).

Overall, the included 19 studies (Table 2) reported 1,420 patients with heterotaxy (though it could not be fully determined whether duplicate cases were included from the international registry). At least 461 patients had undergone surgical correction of IRA. 18 cases of malrotation with obstruction or midgut volvulus were described amongst this cohort although only 9 studies reported length of follow-up. The frequency of IRA amongst these patients ranged from 21.7% and 100%. 10 studies concluded that patients with heterotaxy should all undergo screening for IRA whilst 5 concluded that screening was not necessary; the remaining 4 studies did not make any such suggestion.

For further in depth analysis those studies reporting on the management pathway of patients with regards symptomatology, imaging, surgery and morbidity were evaluated (Table 3). These 9 studies included a cumulative total of 414 patients managed expectantly i.e. ‘asymptomatic patients’ in whom no IRA screening was undertaken (group A), 191 cases in whom screening was performed routinely (group B), and 92 patients who were considered ‘symptomatic’ of potential rotational anomalies and therefore underwent imaging or laparotomy (group C). In group A, only 1 patient developed symptoms attributable to malrotation in whom laparotomy confirmed the diagnosis during follow-up (0.24%). Most studies did not report screened and symptomatic patients separately. Therefore, amongst groups B and C, 151 had Ladd’s operation(s) (53%) and 14 cases of malrotation with obstruction or volvulus in total were described (4.9%), of which 2 ‘symptomatic patients’ died before laparotomy. The overall complication rate(s) for operative intervention was 17% with a 30-day mortality rate of between 2.6 - 4.6% (all attributed to cardiac and respiratory failure). Although detailed follow-up is only reported in 5 series, postoperative complications include 15 cases of small bowel obstruction (including an episode of recurrent volvulus), more than 6 infective complications and at least 5 postoperative deaths within 30 days. Respiratory arrest, desaturation requiring intubation, liver haemorrhage, iatrogenic gastric perforation and rectal bleeding were also described.

Study quality
As all studies identified were retrospective analyses, the Methodological Index for Non-randomized Studies (MINORS) was employed to assess methodological quality. Figure 1 summarises the results. Most studies attained high scores for aims, inclusion of consecutive patients and endpoints appropriate to study aims. Conversely, studies attained low scores globally with regards prospective collection of data, calculation of study size, unbiased assessment of study end-points and follow-up.

DISCUSSION
This systematic review shows that ‘asymptomatic patients’ with heterotaxy are at low risk of developing IRA-related complications. Of 414 patients managed expectantly - only a single patient (0.24%) developed symptoms directly attributable to IRA during the total follow-up period. Furthermore this paper highlights that surgical intervention carries a significant complication rate(s). Of 151 patients in whom surgical intervention was arranged (either by means of elective screening or emergency presentation with gastrointestinal symptoms) - 17% experienced post-operative complication(s) and 2.6 - 4.6% died within 30 days (higher than would be expected in such patients).30

Contrary to historical surgical doctrine not all IRA carry a lethal potential(s). Workers in Arkansas and Ontario have highlighted that there exists a spectrum of IRA, from non-rotation which is relatively benign in nature - and which is the effective aim of a corrective Ladd’s operation - to malrotation which carries a high risk of obstruction and midgut volvulus31-33. In a large historical study of appendectomy specimens, Collins found that 4% were reported by surgeons in an abnormal location attributable to some degree of IRA34, but the true incidence of clinically significant IRA remains unknown. It has been estimated that ‘symptomatic’ IRA occurs in 0.02 % live births35. Surgery itself is not without risk. Ladd’s operation has a complication rate of as much as 25% in otherwise healthy children6-8 but cardiac anomalies amongst patients with heterotaxy result in the additional burden of peri- and post-operative risk(s), including shunt failure and cardiac arrest16,36.  There is some evidence that patients with atypical IRA are more prone to such complications32,33. To this end, laparoscopy has becoming increasingly popular with some surgeons as a diagnostic and therapeutic aid in the management of IRA37. Given the fragility of the patient cohort, there may be potential advantages to this operative strategy 
(‘have a look with the scope‘) with some studies claiming patients may benefit from reduced postoperative pain and a shorter hospitalisation although long-term follow-up data are needed. Neonatal laparoscopy in suspected IRA can be challenging because of the limited domain and difficulty in identifying anatomy.38 In heterotaxy, these problems may be magnified by the unusual spectrum of IRA seen, as well as abnormally sited and sized abdominal viscera, including hepatosplenomegaly associated with cardiac anomalies. Furthermore, the pneumoperitoneum may have adverse effects on cardiorespiratory physiology39 in a patient cohort with limited reserve. In theory however the advantages of minimally invasive surgery may apply to patients with heterotaxy as well. In particular, the risk of adhesive small bowel obstruction after almost all laparoscopic interventions is lower than the open equivalent. 40 There are now numerous published studies recommending laparoscopic intervention, usually for non-neonatal and elective cases. 38

A recent study by the American Pediatric Surgical Association outcomes and evidence-based practice committee41 made effort(s) to examine ‘ best approach’ in managing rotational status of patients with severe congenital heart disease focusing on heterotaxy. The article however had several methodological flaws. Despite lenient eligibility criteria and critical review, the study authors omitted several important articles. No flow diagram was available in the methodology with no attempt to identify ‘grey literature’ / publication bias. The assessment(s) of study quality did not extend beyond the statement that - “the evidence was graded”. Although this was not a systematic review study by strict definition - we share agreement with the APSA committee group that ‘active observation’ seems to be the best strategy in the ‘asymptomatic patient’ with heterotaxy / IRA .

We fully acknowledge there are some limitations with the present study. Follow-up reporting data in studies we analysed was sometimes poor. This may influence long-term outcome(s) of both a ‘watchful waiting‘ policy and operative intervention. Adequate reporting in studies was thus by no means always satisfactory. MINORS scoring highlighted these fact(s) - (Figure 1). Here we found little reference was made in many studies as to the nature of cardiac co-morbidity(s) and cardiac mortality outwith the peri-operative period. It is heart anomalies which most often are the determinant of life expectancy guiding the appropriateness of surgical correction of IRA. All studies included were retrospective observational studies with no valid comparator group (Oxford EBM - Level IV evidence42). As a result there were some significant inherent bias(s) indicating interpretation of studies with care.

Whilst this systematic review favours a ‘watchful waiting’ approach over prophylactic surgery in patients with heterotaxy, what exactly this should constitute is not standardised. Those 5 papers advocating a conservative approach of the asymptomatic patients emphasise the need for “regular” or “close” follow-up, and where this is not possible, or when symptoms develop, imaging is warranted. The frequency of follow-up and the form it takes are not further elaborated however. At our institution, patients are closely monitored by neonatal, surgical and cardiac specialists during the postnatal admission but there is no standardised appointment frequency once discharged from hospital inpatient care. An outpatient appointment with a hospital specialist each month is typical with reducing frequency over time, justified by knowledge that incidence of symptomatic IRA decreases with increasing age43. Choi et al.13 highlights the neonatal period as the most dangerous, when inpatient monitoring is typical anyway, and like Elder et al. 16, also emphasises the importance of educating parents, carers and healthcare professionals about the clinical features to monitor for. Nevertheless, studies varied in what the authors considered ‘symptoms’ of potential IRA. As expected, most authors considered bilious vomiting, bloody stools, abdominal pain and distension as concerning features, but less distinctive symptoms such as reflux, feeding difficulties and poor weight gain were only commented upon by a few authors and perhaps because of the retrospective nature of studies, there was no standardised symptom definition given by studies. We agree with Choi et al. 13 and Papillon et al.14 that common but less distinctive symptoms, such as significant gastro-oesophageal reflux and feeding difficulties, warrant upper GI imaging. 

Heterotaxy is a very rare condition with epidemiological data suggesting an incidence of 1.1 per 10,000 live births44. This systematic review has robustly demonstrated that the evidence base for foregut imaging screening in ‘asymptomatic patients’ with heterotaxy is substantially weak. Given the fragility of this patient cohort - with cardiac co-morbidity(s) - many can therefore avoid an unnecessary Ladd’s operation.
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Figure and Table Legends 

Figure 1: illustrates the outcome of MINORS scoring to assess quality of studies included within the systematic review.

Supplementary Figure 1: Systematic review flow-chart.

Table 1: Inclusion and exclusion criteria.

Table 2: Characteristics of included studies of surgery in children with HS and IRA.

Table 3: Summarises the findings of series that report the management pathway of patients with regards symptomatology, imaging, surgery and complications.
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